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Indian Standard 
METHODS OF CHEMICAL ANALYSIS OF IRON ORES 



PART 5 DETERMINATION OF COPPER 

CONTENT- FLAME ATOMIC ABSORPTION 

SPECTROMETRIC METHOD 

NATIONAL FOREWORD 

This Indian Standard (Part 5), which is identical with ISO 4693 : 1986 'Iron ores ~ Determination of 
copper content — Flame atomic absorption spectrometric method', issued by the International 
Organization for Standardization (ISO), was adopted by Bureau of Indian StarHlards on 1 6 April 1 990 
on the recommendation of the Methods of Chemical Analysis of Ores, Minerals and Refractories 
Sectional Committee (MID 29) and approval of the rvJetaliurgieal Engineering Division Council. 

IS 1493 was first published in 1959 and subsequently revised as IS 1493(Part 1): 1981 'Methods of 
chemical analysis of iron ores: Part 1 Determination of common constituents', which covered the 
chem,icai analysis of iron ores for determination of moisture, silica, iron, |>hosphorous (^0.5 
percent), aluminium and sulphur by conventional methods, namely, gravimetric and volumetric 
methods. The chemical analysis for determination of remaining constituents by Conventional method 
will be covered in Part 2 of this standard, which is under preparation. 

Since atomic absorption spectrometry (A^) for iron ore has greatly facilitated Xh^ determination of 
many of the constituents, a need was felt to formulate standards in this field, which have resulted in 
the publication of the following parts of this standard: 

IS 1493 Methods of chemical analysis of iron ores|: 

IS 1493 (Part 3) : 1987 Determination of titanium, chromium^vafi«<^um, calcium and 
magnesium by atomic 3bs<«ption spsctron>etry. 

IS 1493 (Part 4) : 1987 Determination of aluminium by atomic at^orption spectrometry. 

IS 1493 (Part 6) : 1990 Determination of sodium and/or potassium by atomic absorption 
spectrometry. 

This part 5 covers the determination of copper by atomic absorption spectrometric method. 

In the adopted standard certain conventions are not identical with those us^ in Indian Standard. 
Attention is specially drawn to the following: 

a) Wherever the words 'international Standard' appear referring to this standard, they should 
be read as 'Indian Standard'. 

b) Comma (,) has been used as a decimal marker, while in Indian Standards the current 
practice is to use point (.)5BS the decimal marker 
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CROSS REFERENCES 



In this Indian Standard the following international standards are referred to. Read in their respective 
places the following: 



International Standard 



Indian Standard 



Degree of 
Corresnondence 

ISO 648 Laboratory glassware— IS 1117: 1975 One-mark pipette Technically equivalent 
One mark pipettes {first revision) 



ISO 1042 Laboratory glassware- 
One mark volumetric flask. 

ISO 3081 Iron ores— Increment 
sampling — Manual method 

ISO 3082 Iron ores— Increment 
sampling and sample prepara- 
tion — IVlechanical method 

ISO 3083 Iron ores— Preparation 
of samples — Manual method 

ISO 7764 Iron ores— Preparation 
of predried testt samples for 
chemical analysis 



IS 915 : 1975 One-mark volunfie- Technically equivalent 
trie flasks (first revision) 



IS 1405 : 1982 Methods of Technically equivalent 
;^sampling of iron ores (second 
^revision) 
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1 Scope and field of application 

This International Standard specifies a flame atomic absorption 
spectrometric method for the determination of the copper con- 
tent of iron ores. 

This method is applicable to a concentration range of 0,003 to 
1,0 % {mim) of copper in natural iron ores, and iron ore con- 
centrates and agglomerates including sinter products. 



4.2 Sodium carbonate (Na2C03}, anhydrous. 

4.3 Hydrochloric acid, q 1,16 to 1,19 g/ml. 

4.4 Nitric acid, q 1,4 g/ml. 

4.5 Hydrochloric acid, q 1,16 to 1,19 g/ml, diluted 1 + 2. 



2 References 

ISO 64S, Laboratory glassware — One- mark pipettes. 

ISO 1042, Laboratory glassware — One-mark volumetric 
flasks, 

ISO 3081, Iron ores — Increment sampling — Manual method. 

ISO 3082, Ironores — Increment sampling and sample prepara- 
tion ~ Mechanical method. 1 > 

ISO 3083, Iron ores — Preparation of samples — Manual 

method. 

ISO 7764, Iron ores — Preparation of predried test samples for 
chemical analysis. 

3 Principle 

Decomposition of a test portion by treatment with 
hydrochloric, nitric and hydrofluoric acids. Evaporation with 
perchloric acid, dilution and filtration of any insoluble residue. 

Measurement of the copper content of the solution by atomic 
absorption spectrometry using an air-acetylene flanne. 



4 Reagents 

During the arwilysis, use only reagents of recognized analytical 
grade, and only distilled water or water of equivalent purity. 

NOTE — The distillation apparatus used should not contain any cop- 
per, and deionized water should not come into contact with copper 
tubing or taps. 

4.1 Iron metal powder, copper content < 0,001 % (m/m). 



4.6 Nitric acid, q 1,4 g/ml, diluted 1 + 1, 



4.7 Perchloric acid, 60 % {mIm) solution, q 1,54 g/ml, or 
70 % {mim) solution, q 1,67 g/ml. 



4.8 Hydrofluoric acid, 40 % [mim) solution, q 1,13 g/ml 
or 48 % im/m) solution, g 1,185 g/ml. 



4.9 Background solution. 

Dissolve 15 g of iron metal powder (4.1) in 150 ml of 
hydrochloric acid (4.5). Cool the solution to room temperature, 
add 10 ml of nitric acid (4.4). Heat carefully to eliminate nitrous 
gases, add 250 ml of perchloric acid solution (4.7) and 
evaporate the solution to fumes. Allow to fume for 10 min, cool 
and dilute to 1 DOO ml with water. 



4.10 Copper standard solutions. 

4.10.1 Stock solution 

Dissolve 1 ,000 g of pure metallic copper in 30 ml of nitric acid 
«3lution (4.6), heat to remove nitrous gases, cool and transfer 
to a 1 000 ml volumetric flask. Dilute to the mark with water 
and mix. 

1 ml of tKe stock solution contains 1,00 mg of copper. 

4.102 Stilndard solution A 

Trafwfer 100 ml of the stock solution (4.10.1) to a 1 000 mi 
volumetric flask. Dilute to the mark with water and mix. 

1 ml of this standard solution contains 0,10 mg of copper. 



1) At present at the stage of draft. 
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4,10.3 Standard solution B 



6 Sampllnng and samples 



Transfer 10 ml of the standard solution A (4.10.2) to a 100 ml 
volumetric flask= Dilute to the mark with water and mix. 

1 ml of this standard solution contains 0,010 mg of copper. • 



5 Apparatus 

NOTE — Unless otherwise indicated, any pipettes and volumetric 
flasks required shaii be one-mark pipettes and volumetric flasks -com- 
plying with the accuracy specifications of ISO 648 and ISO 1042. 



6.1 Laboratory sample 

For analysis, use a laboratory sample of minus 100 \xm particle 
size which has been taken in accordance with ISO 3081 or 
(SO- 3082 and prepared in accordance with ISO 3082 or 
ISO 3083. In the case of ores with significant contents of com- 
bined water or oxidizable compounds, use a particle size of 
minus 160 pm. 

NOTE — A guideline on significant contents of combined water and 
oxidizable compounds is incorporated ifi ISO 7764. 



Ordinary laboratory equipment and 



5.1 Polytetrafluoroethylene (PTFE) beakers, of capacity 
150 ml. 



5.2 Atomic absorption spectrometer. 

The atomic absorption spectrometer used will be satisfactory if 
It nieets the following criteria : 

a) Minimum sensitivity — the absorbance of the calibra- 
tion solution of highest copper content (see 7.5.3) when 
measured in a flame of 10 cm path length is at least 0,3. 

bl Curve linearity — the slope of the calibration graph 
covering the top 20 % concentration range (expressed as a 
change in absorbance) is not less than Q,7 of the value of 
the slope for the bottom 20 % concentration range deter- 
mined in the same way. 



6.2 Preparation of predried test samples 

Thoroughly mix the laboratory sample and, taking multiple in- 
crements, extract a test sample in such a manner that it is 
representative of the whole contents of the container. Dry the 
test sample at 105 ± 2 °C as specified in ISO 7764. {This is the 
predried test sample.) 

7 Procedure 

7.1 Number of determinations 

Carry out the analysis at least in duplicate in accordance with 
annex 'A, independently, on one predried test sample. 

NOTE — The expression "independently" means that the second and 
any subsequent result is not affected by the previous resultis). For this 
particular analytical method, this condition implies that the repetition 
of the procedure shall be carried out either by the same operator at a 
different time or by a different operator including, in either case, ap- 
propriate recalibration. 



c) Minimum stability — the standard deviation of the ab- 
sorbance of the calibration solution of highest concentra- 
tion and the standard deviation of the absorbance of the 
zero calibration solution, each being calculated from a suffi- 
cient number of repetitive measurements, are less than 
1,5 % and 0,5 % respectively of the mean value of the ab- 
sorbance of the calibration solution of highest concentra- 
tion. 



7.2 Safety precautions 

Follow the manufacturer's instructions for igniting and ex- 
tinguishing the air-acetylene fiame to avoid possible explosion 
hazards. Wear tinted safety glasses whenever the burner is in 
operation. 

7.3 Blank test and check test 



NOTES 

1 The use of a strip-chart recorder and/or digital read-out device is 
recommended to evaluate these criteria and for all subsequent 

measurements. 

2 A background corrector equipped with a hydrogen or a deuterium 
hollow cathode lamp is advisable for the concentration range of 0,003 
to 0,010 % \mlm) of copper. 

3 Instrument parameters may vary with each instrument. The follow- 
ing parameters were successfully used In several laboratories and they 
can be used as guidelines. Solutions were aspirated into an air- 
acetylene flame of a premix burner. 



Copper horiow cathode lamp ImA) 
Wavelength (nm) 
Air flow rate (l/min) 
Acetylene flow rate (i/rnin) 



3 

324,7 

10 

2 



In systems where the values shown for gas flow rates do not apply, the 
ratio of the gas flow rates may still be a useful guideline. 



In each run', one blantc test and one analysis of a certified 
reference material of the same type of ore shall be carried out in 
parallel with the analysis of the ore sample{s) under the same 
conditions. A predried test sample of the certified reference 
material shall be prepared as specified in 6.2 (see the note). 

When the analysis is carried out on several samples at the same 
time, the blank value may be represented by one test, provided 
that the procedure is the same and the reagents used are from 
the. same reagent bottles. 

When the analysis is carried out on several samples of the same 
type of ore at the same time, the analytical value of one cer- 
tified reference material may be used. 

NOTE — The certified reference rnaterial should be of the same type as 
the sample to be analysed and the properties of the two materials 
should be sufficiently similar to ensure that in either case no significant 
changes in the analytical procedure would become necessary. 
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7.4 Test portion 

Taking several increments, weigh, to the nearest 0,000 2 g, ap- 
proximately 0,5 g of the predried test sannple obtained In ac- 
cordance with 6.2. 

NOTE — The test portion shoiild be taken and weighed quickly in 
order to avoid reabsorption of moisture. 

7.5 Determination 

7.5.1 Oecomposltjon of the test portion 

Transfer the test portion (7.4) to a 150 ml PTFE beaker (5.1). 
Moisten with a few millilitres of water, add 15 ml of 
hydrochloric acid {4. 3), cover with a watch-glass, and .heat 
gently. Increase the heat and digest just below boiling uritil no 
further attack is apparent. Add 5 ml of nitric acid (4.4) and heat 
for 10 min. Remove the watch-glass, add 3 ml of hydrofluoric 
acid solution (4.8) and heat for a further 10 min. 

Wash down the walls of the beaker with water and^dd 5 ml of 
perchloric acid solution (4.7). Heat slowly, evaporating until 
dense white fumes of perchloric acid are evolved. Allow to 
fume for 2 to 3 min. 

Allow the solution to cool, add 50 ml of water and heat gently 
to dissolve the soluble ^alts. 

Filter the solution through a close-texture paper, collecting the 
filtrate and washings in a 100 ml volumetric flask. Wash the 
paper and the residue thoroughly with warm water. Cool the 
final solution, dilute to the mark with water and mix. (This is the 
test solution.i - 

NOTE - If a significant annount of residue remains from the decom- 
position process or if any residue rs suspected to contain a significant 
amount of copper, such residue shall be examined separately for cop- 
per content after Ignition, fusion with the sodium carbonate (4.2). and 
dissolution of the melt in nitric acid diluted 1 + 50. An appropriate 
blank test solution should also be prepared. The result obtained from a 
copper determination on any insoluble residue shall be combined with 
the result obtained for copper in the main test solution. 



7.5.2 Treatment of the solution 

If the copper content is over 0,2 % (or 0,1 % in the case of in- 
struments with high sensitivity), dilute the test solution as 
follows : transfer an aliquot ix ml, where x should not be less 
than 20 ml) to a 100 ml volumetric flask. Add 0,2 (100 - x) ml 
of background solution (4.9) and dilute to the mark with water 
and mix. (This is the diluted test solution.) (|See the note.) If the 
copper content is less than 0,2 % (or 0,1 % in the case of in- 
struments with high sensitivity), the absoristion measurement 
of the main solution is Carried out without dilution. 

When a diluted test solution is to be used, a diluted blank test 
solution should be prepared as follows : transfer x ml of the 
blank test solution to a 100 ml volume^fic flask, add 0,2 
(100 - x) ml of background solution (4.9), dilute to the mark 
with water and mix. 

NOTE - For instruments with high sensitivity this dilution nriay need to 
be made if the copper content is between 0,1 and 0,2 % (/m//w). If the 
copper content is between 0,5 and 1 % (/«//«) with instruments of 
high sensitivity the value for v should not be less than 10 ml. 



7.5.3 Preparation of the Sbt of calibration solutions 

Depending on the expected copper content in the sample, 
prepare calibration solutions using standard solution A (4,10.2) 
or standard solution B (4 10.3). for the concentration ran^e of 
0,01 tol % tw/w)of copper, usestandardsolutionA(4.10.2). 
For the concentration range of 0,003 to 0,02 % {m/m) of cop- 
per, use standard solution B (4.10.3). 

Transfer 1;0; 3,0; 5,0; 7,0 and 10,0 ml portions of the ap- 
propriate standard solution to 100 ml volumetric flasks and add 
20,0 ml of background solution (4.9). Dilute each solution to 
the mark with water and mix. Prepare a zero calibration solu- 
tion by transferring 20,0 ml of background solution to a 100 m( 
volumetric flask. Dilute to the mark with water and mix. 

NOTE — The range of copper concentration that can be covered may 
vary from one instrument to another. Attention should be paid to the 
minimum performance criteria in 5.2. For instruments with high sen- 
sitivity, the calibration series can be prepared using only standard solu- 
tion B with increases as necessary in the volumes taken. 



7,5.4 Adjustment of atomic absorption spectrometer 

Set the wavelength for copper (324,7 nm) to obtain minimum 
absorbance and adjust the read-out to zero absorbance. Light 
the air-acetylene flame. After 10 min preheating of the burner, 
aspirate water and, if necessary, readjust the read-out to zero 
absorbance. Aspirate the calibration solution of highest copper 
content (7.5.3) and adjust the fuel flow and burner position to 
obtain maximum absorbance. Check that conditions for zero 
absorbance have been maintained and evaluate the criteria in 
5.2. 

Repeat the aspiration of water and the calibration solution of 
highest copper content to establish that the absorbance 
reading is not drifting, and set the reading for water to zero ab- 
sorbance. 



7.5.5 Atomic absorption measurements 

Aspirate the calibration solutions and the test or diluted test 
solution in the order of increasing absorption, starting with the 
zero calibration solution and the blank testier diluted blank test 
solution. When a stable response is obtained for each solution, 
record the readings. Aspirate water between each calibration 
and test solution. Repeat the measurenrrents at least twice 
more. 

If necessary, convert the average ot the readings for each 
calibration solution to absorbance. Obtain the net absorbance 
o\ each calibration solution by subtracting the average absorb- 
ance of the zero calibration solution. Ine similar manner, obtain 
the net absorbance of the test solution or (;liluted test solution 
by subtracting the absorbance of the blank test or diluted blank 
test solution. 

Prepare a calibration graph by plotting the net absorbance 
values of the calibration solutions against the concentration, in 
micrograms df copper per millilitre. 

Convert the net absorbance value of the test solution or diluted 
test solution to micrograms of copper per millilitre by means of 
the calibration graph. 
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8 Expression of results 

8.1 Calculation of copper content 

The copper content, w^^, is calculated as a percentage by 
mass, to five decinnal places, using the equation 



vvc„(%) 



/i/t X 10 000 
/?7l X 100 



...n) 



where 



Qq^ is the concentration, in micrograms per millilitre, of 
copper in the test solution or diluted test solution; 

m, is the mass, in grams, of the test portion in 100 mt 
volume of the test solution or diluted test solution. 
\m-^ ■= W2X/IOO, where //72 is the mass, in grams, of the 
test portion and a- is an aliquot, in millilitres, taken in 7.5.2. 
When no dilution has been made, x = 100.] 

NOTE — Include the result obtained for a copper determination 
made on any insoluble residue (7.5.1). 



S.2 General treatment of results 

8.2.1 Repeatabiiity and perrrtissible tolerance 

The precision of this analytical method is expressed by the 
following regression equations i^* 



r = 0,0298A' + 0,001 

p - 0;omsx 4- 0,004 

a, - 0.0105X+ 0,CX)04 
<Tl = 0,022 4. V + 0,0014 



..(21 
- . (3) 
..(4) 
..(5) 



where 



X is the copper content, as a percentage by mass, of the 
predried test sample, calculated as follows : 

— within-laboratory equations (2, 4); the arithmetic 
mean of the duplicate values; 

— between-laboratories equations (3, 5); the arithmetic 
mean of the final results (8.2.3) of the two laboratories; 

r is the permissible tolerance within a laboratory 
(repeatability); 

P is th^e permissible tolerance between laboratories; 

(Tf. is the within-laboratory standard deviation; 

CTl is the between-laboratories standard deviation. 



8.2.Z Acceptance of analytical valiies 

The result obtained for the certified reference material shall be 
such that the difference between this result and the certified 
value of the reference material is statistically Insignificant. For a 
reference material that has been analysed by at least 
10 laboratories usihg methodfsJ that are corhparable both in ac- 
curacy and precision with this method, the following conditions 
may be used to test the significance of the difference: 



A\<2\ 






a,. 



/V, 



.(6) 



where 

i4c is the certified value; 

A is the result or the mean of results obtained for the cer- 
tified reference material; 

5Lf, is the between-laboratories standard deviation of the 
certifying laboratories; 

5yyc is the within-laboratory standard deviation of the cer- 
tifying laboratories; 

^Wc '^ ^^® average number of replicate determinations in 
the certifying laboratories; 

N^ is the number of certifying laboratories; 

n is the number of replicate determinations on the 
reference material (in most cases n ~^y, 

a^ and a^ are as defined in 8.2. 1 . 

If condition (6) is satisfied, i.e. if the left-hand side is less than 
or equal to the right-hand side, then the difference \A^- A | is 
statistically insignificant; otherwise, it is statistically significant. 

When the difference is significant, the analysis shall be 
repeated, simultaneously with an analysis of the test sample. If 
the difference is again significant, the procedure shall be 
repeated using a different certified reference material of the 
same type of ore. 

When the range of the two values for the test sample is outside 
the limit for r calculated according to equation (2) in 8.2. 1 , one 
or more additional tests shall be uarned out in accordance with 
the flowsheet presented in annex A, simultaneously with an 
analysis of a certified reference material of the same type of 
ore. 

Acceptability of the results for the test sample shall in each case 
be subject to the acceptability of the results for the certified 
reference material. 

NOTE — The following procedure should be used when the informa- 
tion on the reference material certificate is incomplete : 

a) if there are sufficient data to enable the between- la boratones 

2 

Standard deviation to be estimated, delete the expression ^{vc^^Wc 
and regard si^. as the stanoard deviation of the laboratory means; 



1) Additional information is given in annex 8 and annex C. 
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b} if the certification has been made by only one laboratory or if 
the inter laboratory results are missing, use the following condition : 






.(7) 



8.2.3 Calculation of final result 

The final result is the arithmetic mean of the acceptable 
analytical values for the test sample or as otherwise determined 
by the operations specified in annex A, calculated to five 
decimal places and rounded off to the third decimal place as 
follows : 

a) when the figure in the fourth decimal place is less than 
5, it is discarded and the figure in the third decimal place is 
kept unchanged; 

b) when the figure in the fourth decimal place is 5 and 
there is a figure other than in the fifth decimal place or 
when the figure in the fourth decimal place is greater than 5, 
the figure in the third decimal place is increased by one; 

c) when the figure in the fourth decimal place is 5 and 
there is the figure in the fifth decimal place, the 5 is 



discarded and the figure in the third decimal place is kept 
unchanged if it is 0, 2, 4, 6 or 8 and is increased by one if it is 
1,3.^, 7-or9. 

8.3 Oxide factor 

*vc*o<%) = 1,2518wcu(%) 

9 Test report 

The test report shall include the following information : 

a) reference to this International Standard; 

b) details necessary for the identification of the sample; 

c) result of the analysis; 

d) reference number of the result; 

e) any characteristics noticed during the determination 
and any operations not specified in this International Stan- 
dard which may have .had an influence on the result either 
for the test sample or the certified reference materialis). 
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Annex A 

Flowsheet of the procedure for the acceptance of analytical values 

for test samples 

(This at)nex forms an integral part of this International Standard.) 



Perform x-^ , X2 




X = -^ 



NO 



i 



Perform ^3 , X4 



Perform ^3 




NO 



JL 



X - Median of x^, ^2. x^, x^ 



xi + X2 + X3 



Perform x^ 




YES 



x^ ^ X2 +.X3 + X4 



r : as defined in 8.2. 1 . 
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Annex B 
Derivation of repeatability and permissible tolerance equations 

(Tliis annex is for information only, and is not an integral part of this International Standard.) 

The regression equations in 8.2.1 have been derived from the results of international analytical trials carried out in 1972/1973 
on five iron ore samples involving 45 laboratories in nine countries. 

Graphical treatment of the precision data is given in annex C. 

The test samples used were : 

Sample Copper content [% (m/m)] 

Malmberget concentrate (72-1) 0,001 

KirunaR (72-2) 0,011 

Roasting residue (Purpurerzl (72-3) 0,072 

Russian pyrite cinder (Russ Abbralnde) 

(72-4) 0,380 



Forsbo ore (72-5) ^ 0,787 



NOTES 



1 A report of the intemationat trial and a statistical analysts of the results (Document ISO/TC 102/SC 2 N 306E, May 19731 is available from either 
the Secretariat of ISO/TC 102/SC 2 or the Secretariat of ISO/TC 102. 

2 The statistical analysis has been performed in accordance with the principles embodied in ISO 5725. 
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Annex C 
Precision data obtained by international analytical trials 

(This annex is for information only, and is not ail integral part of this International Standard.) 
NOTE - This figure is a graphical presentation of the equations in 8.2.1. 
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-1 1 1 -n 1 r- 
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o = r 
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0.8 
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Figure - Least-squares fit of precision against X for copper 
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Southern : C.I.T. Campus, IV Cross Road, MADRAS 600113 41 29 16 

Western : Manakalaya, E9 MIDC, Marol, Andheri ( East ) 

BOMBAY 400093 6 32 92 95 

Blanches : AHMADABAD. BANGALORE. BHOPAL. BHUBANESHWAR. 
COIMBATORE, FARIDABAD, GHAZIABAD, GUWAHATI. 
HYDERABAD. JAIPUR. KANPUR. PATNA. TRIVANDRUM. 
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